Objective-Coronary artery bypass grafting-related bleeding and associated transfusion is a concern with dual antiplatelet therapy in patients with acute coronary syndromes. The objective of the present study was to characterize a potential risk-adjusted difference in transfusion requirements between prasugrel and clopidogrel cohorts.
Conclusions-The use of prasugrel compared with clopidogrel was associated with greater 12hour chest tube drainage volumes and platelet transfusion rates but without any significant differences in red blood cell transfusions, total hemostatic components transfused, or total blood donor exposure.
Dual antiplatelet therapy with aspirin and a thienopyridine has been shown to prevent thrombotic complications in the setting of acute coronary syndromes (ACS) and percutaneous coronary intervention (PCI) but has also been associated with a risk of major bleeding. 1 In patients with ACS with scheduled PCI, prasugrel therapy was found to be associated in the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel Thrombolysis in Myocardial Infarction 38 (TRITON-TIMI 38) with significantly reduced rates of is-chemic events, including stent thrombosis, compared with clopidogrel therapy but with an increased risk of major bleeding, including fatal bleeding. 2 The key safety end-points in the TRITON-TIMI 38 study were TIMI major bleeding not related to coronary artery bypass grafting (CABG), non-CABG-related TIMI life-threatening bleeding, and TIMI major or minor bleeding, as defined previously. 3 In TRITON-TIMI 38, major bleeding not related to CABG occurred significantly more often in the prasugrel-than in the clopidogrel-treated patients (2.4% vs 1.8%, respectively). 2 To further characterize the relative risks of bleeding between prasugrel and clopidogrel therapy, we undertook an analysis of the relationship among antiplatelet therapy, bleeding, and transfusion outcomes in the cohort of patients who underwent CABG during participation in the TRITON-TIMI 38 study. In this clinical setting, the timing of thienopyridine withdrawal before CABG could be an important risk factor for subsequent perioperative bleeding and blood component therapy support. Therefore, we conducted a subgroup analysis by grouping CABG patients according to the number of days from the last dose of the study drug.
Methods
The study design and principal results from the previous TRITON-TIMI 38 trial have been published. 2, 3 In brief, TRITON-TIMI 38 was a phase 3, randomized, double-blind, head-tohead clinical trial comparing the effects of prasugrel versus clopidogrel in patients with ACS who were treated with PCI. 2 The study enrolled 13,608 subjects at 707 sites in 30 countries from November 2004 to January of 2007. The patients were randomized to receive a loading dose of 60 mg prasugrel or 300 mg clopidogrel, followed by a daily maintenance dose of 10 mg prasugrel or 75 mg clopidogrel combined with aspirin (75-325 mg/day) for up to 15 months. 4 Key exclusion criteria included an increased risk of bleeding, the receipt of any thienopyridine within 5 days of randomization, recent thrombolytic therapy, and a history of pathologic intracranial findings or clinical findings considered by the investigator to be associated with an increased risk of bleeding. The primary endpoint was the combined incidence of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke during at least 12 months after PCI. Safety was assessed using the TIMI bleeding criteria and the following criteria: a decrease in hemoglobin and the occurrence of intracranial hemorrhage.
Additional data collection for the present study, obtained by chart review and limited to the information captured during the subject's study participation using a supplementary case report form, was conducted with the acknowledgement or approval of the ethics committee or regulatory board, as required by local regulations. The TRITON-TIMI 38 publications committee approved the conduct of the present analysis and reviewed the publication before submission. The ClinicalTrials.gov identifier was NCT00097591.
Characterization of Treatment Differences and Statistical Analysis
The present study analyzed additional data to allow characterization of the differences in perioperative bleeding and transfusion requirements between prasugrel and clopidogrel cohorts as potentially related to the timing of thienopyridine withdrawal before CABG. The use of blood products, including the mean number of units of red blood cells (RBCs), including packed RBC and whole blood, platelets, plasma, and cryoprecipitate, as well as total hemostatic components (THCs included platelets, plasma, and cryoprecipitate) and total donor exposure (TDE including total units of all blood products transfused [ie, RBCs, platelets, plasma, and cryoprecipitate]), were compared by treatment group using the Kruskal-Wallis test. Chest tube bleeding was recorded until chest tube discontinuation.
Transfusion requirements, as potentially related to the timing of thienopyridine withdrawal before CABG were evaluated intra-and postoperatively at 0 to 5 days, 6 to 7 days, and more than 7 days after the last dose of study drug. The Kruskal-Wallis test was used to compare the mean number of RBC and platelet units transfused from the day of the last dose of study drug to CABG and to compare the average cumulative chest tube blood loss at 12 hours after CABG. Pearson's χ 2 test was used to compare the proportion of patients treated with antifibrinolytic agents. The relationship between THC or TDE and the predicted transfusion risk score and the association between total chest tube blood loss and THC or TDE were evaluated using Pearson's correlation coefficient.
Transfusion Risk Score and Predicted Probability of Mortality
A previously reported and validated transfusion risk score, 5 calculated using preoperative variables, was used to identify the relationship between the predicted risk of transfusion for each treatment group and the subsequent number of blood components transfused.
To provide a model that included risk adjustment, the predicted probability of mortality for each patient was calculated using the widely accepted and validated Society of Thoracic Surgeons (STS) score 6 and European System for Cardiac Operative Risk Evaluation Score (euroSCORE). 7 For the purpose of calculating the transfusion risk score, STS, and euroSCORE, any missing values for risk were considered an absence of risk.
The influence of TDE on the risk of mortality and a comparison of the risk of all-cause death between prasugrel and clopidogrel was evaluated using logistic regression analysis with study drug as a categorical variable and predicted probability of mortality as a covariate.
Results

Study Population
The present retrospective analysis included 485 subjects who underwent CABG at some point during participation in the 15-month TRITON-TIMI 38 trial. A supplementary case report form could not be obtained for 36 of the 485 patients (n = 449). The type of CABG procedure (isolated or major cardiac procedures in addition to the CABG procedure) could not be determined in 3 patients (n = 446), and 2 patients who died were included in the analysis without the supplementary case report forms (n = 448), because mortality was reported for all subjects in the TRITON-TIMI 38 study. The cohort of 448 patients included all those who died and all but 2 patients who were classified in the TRITON-TIMI 38 trial as having had TIMI major/minor bleeding events (1 patient was randomized to prasugrel but did not receive the study medication and 1 patient received clopidogrel). 8 Patient flow is illustrated in Figure E1 .
The patients undergoing CABG in TRITON-TIMI 38 consisted of a diverse group of patients as defined by multiple factors such as patient and procedural characteristics, acquired hemostatic defects, the use of open-label antiplatelet therapy before the procedure (n = 20), patients not receiving the study medication (n = 56), or undergoing more than 1 operative cardiac procedure (n = 26), any of which can influence the type and number of blood product transfusions needed and the amount of blood loss. Thus, the population of interest for the present study was refined to include only the cohort of patients who underwent isolated CABG and who had received the study drug before the procedure. Of the 346 patients in this cohort, 173 received prasugrel, with data on blood transfusions available for 167, and 173 received clopidogrel, with similar data available for 164 (Table E1) . A description of the patient characteristics is listed in Table E1 , as described previously. 8
Transfusions
The predicted transfusion risk score by treatment group is illustrated in Figure E2 . No difference was noted in the mean predicted risk score between cohorts (prasugrel 2.13 vs clopidogrel 2.31, P = .53). The transfusion risk score correlated highly (P < .0001) with the total number of RBC units transfused for the 2 cohorts and approached a significant association with THC (P = .058; Figure 1 ). No significant differences were seen in the mean number of RBC units or THCs transfused between the 2 cohorts.
Blood product transfusions by drug treatment are illustrated in Figure E3 . The potential risk factors for platelet transfusions perioperatively for patients with follow-up data are listed in Table E2 . The incidence of platelet transfusion was significantly greater statistically in the patients treated with prasugrel than in those treated with clopidogrel (18.0% vs 9.8%, P = . 033), as was the mean number of platelets units transfused (0.8 U vs 0.4 U, respectively, P = .047). However, no significant difference was seen for the transfusion of RBCs The transfusion requirements for the patients analyzed from the day of the last dose of study drug to the day of CABG are listed in Table 1 . The distribution for the days from the last dose by therapy did not differ between the prasugrel and clopidogrel cohorts (P = .26, χ 2 analysis). For patients with isolated CABG (n = 422), 54%, 22%, and 24% of patients (irrespective of whether transfusion information was available) underwent CABG surgery within 5, 6 to 7, or more than 7 days from the last dose of study drug, respectively. Aspirin use was 63% within 5 days of CABG and decreased to 39% within 1 day of CABG. No imbalances were observed between treatment arms. Dual antiplatelet therapy was resumed after surgery when deemed safe by the investigator, and no difference was observed between the treatment groups (Table E1) . A significantly greater number of platelet units (mean ± SD; 0.95 ± 2.84 vs 0.25 ± 1.14 U; P = .018) were transfused postoperatively in the prasugrel cohort than in the clopidogrel cohort for those patients who underwent surgery within 5 days after withdrawal of the antiplatelet study drug. The TDE was not significantly different statistically between the study cohorts for any of the 3 intervals (Table 1) . Additionally, a significantly greater mean cumulative chest tube blood loss was found at 12 hours in the prasugrel group compared with the clopidogrel group (655 ± 580 mL vs 503 ± 378 mL; P = .05), with a high degree of variability in chest tube blood loss across each day from the last dose of study drug to CABG ( Table 2 ). The TDE and THC correlated with chest tube blood loss at 12 hours, and the correlations were similar for both cohorts ( Figure E4 ).
Postoperative complications and resource usage in association with CABG were analyzed according to the total RBC units transfused (Table 3 ). Eleven patients receiving prasugrel (6.4%) and 4 patients receiving clopidogrel (2.3%) underwent surgical re-exploration (P = . 07) for bleeding. A bleeding source was identified in most (11/15) of the patients undergoing re-exploration. One patient in the prasugrel group died after surgical reexploration; the death was not attributed to the study drug and was likely from the multiple co-morbidities. None of the 4 patients in the clopidogrel group died after surgical reexploration. The length of the hospital and postoperative intensive care unit stays were similar between the prasugrel and clopidogrel groups, irrespective of the RBC transfusion outcomes.
The euroSCORE and STS risk-adjusted predicted mortality was calculable for 446 of 448 patients. In an analysis adjusted for the predicted risk of mortality (using euroSCORE), TDE and THCs were not associated with increased mortality risk (all-cause death within 30 days after CABG, odds ratio, 1.06; 95% confidence interval, 0.98-1.14; P = .15 for TDE, and odds ratio, 1.05; 95% confidence interval, 0.94-1.17; P = .40 for THC; logistic regression analysis; Figure 2 ). Similar results were observed with the STS risk adjustment. As previously reported, 8 treatment with prasugrel was independently associated with a reduction in mortality compared with treatment with clopidogrel (1.2% vs 6.9%, P = .022). The causes of death, as determined by an adjudication committee, are listed in Table E3 .
Discussion
The present retrospective analysis included newly collected data from 346 patients who had undergone isolated CABG after withdrawal from either prasugrel (n = 173) or clopidogrel (n = 173) during the TRITON-TIMI 38 study. A companion analysis demonstrated that despite an increase in observed bleeding, prasugrel was associated with a lower rate of death in ACS patients undergoing CABG. 8 In the present analysis, treatment with prasugrel was associated with significantly greater chest tube drainage at 12 hours postoperatively, and a greater percentage of patients received platelet transfusions and had a greater mean number of platelets transfused ( Figure E2 ). The THCs transfused was not different between the 2 cohorts. The platelet transfusion differences were predominately driven by differences in the platelet transfusion rates within the subgroup of patients who underwent CABG within 5 days of discontinuing their antiplatelet therapy ( Table 1) .
The percentage of patients who received platelet transfusions in the 2 cohorts (18% vs 9.8% for prasugrel vs clopidogrel, respectively; P = .033) in the present analysis were in line with that in the STS database and others' reported experience. For example, patients undergoing isolated CABG reported to the STS database (January to December 2010) received platelet transfusions in 24% of cases; only 14% of all isolated CABG patients were treated with an antiplatelet adenosine diphosphate (ADP) inhibitor (prasugrel or clopidogrel) within 5 days of the CABG procedure (Society of Thoracic Surgeons, 2010, Chicago, Ill, unpublished data, April 2011). A recent publication from an STS database cohort of 82,446 patients undergoing isolated CABG surgery at 408 sites reported highly variable platelet transfusion rates (0.4%-90% of patients) among institutions, with the 25th to 50th percentiles for the probability of platelet transfusions showing adjusted true platelet transfusion rates of 14.7% to 25.3%. 9 These rates are comparable to the platelet transfusion outcomes in the 2 cohorts in our analysis. We interpret these data to indicate that antiplatelet therapy with ADP inhibitors within 5 days of isolated CABG procedures, although associated with increased postoperative chest tube losses and associated increased platelet transfusions, is not associated with an untoward need for blood component transfusion support.
We also observed increased postoperative bleeding in patients who received prasugrel before surgery (Table 2 ). This finding of increased bleeding and platelet transfusion with a short preoperative interval is consistent with the recommendations in the labeled indications for both clopidogrel 10 and prasugrel. 11 For patients undergoing urgent CABG in whom significant antiplatelet effect remains, platelet therapy should be considered appropriate and therapeutic in the setting of clinical bleeding in the perioperative interval. However, the efficacy of platelet transfusion in this setting requires additional study, because transfused platelets can be inhibited by ADP inhibitor primary metabolites. Agents that augment platelet function or that activate platelets independent of an ADP/P2Y12 receptor mechanisms(ie, by way of thrombin) might have a role in the management of refractory and life-threatening bleeding when these agents are administered. The current American College of Cardiology Foundation/American Heart Association guidelines recommend discontinuation of ADP antagonists at least 5 days before surgery for clopidogrel and at least 7 days before surgery for prasugrel to minimize bleeding complications. 12 Although platelet transfusions and overall hemostatic component therapy were increased in the prasugrel cohort, neither RBC transfusions nor total blood components transfused (TDE) were significantly different statistically between the prasugrel and clopidogrel cohorts in the 3 intervals analyzed (Table 1) . Although an analysis of patients who received more than 2 U of RBCs indicated that a greater percentage of patients who received prasugrel (21%) underwent surgical re-exploration for bleeding compared with those receiving clopidogrel (7%), most patients (10/14 for these patients and 11/15 for all patients) who underwent reexploration had a surgical bleeding source identified (Table 3) . Despite increased postoperative chest tube losses, platelet transfusions, and observed re-exploration rates, overall mortality was lower in the prasugrel cohort.
Our analysis had several potential limitations. The data were collected after completion of the primary clinical trial, which was designed to evaluate the efficacy of prasugrel versus clopidogrel in patients undergoing PCI. The data on any differences in blood transfusion requirements should be evaluated in the context of the wide variability in the transfusion of blood products, independent of case mix, among patients who undergo CABG surgery. 9, 13 Per protocol, specific blood component therapy for bleeding was at the discretion of the investigator and should be interpreted in the context of the characteristics and parameters listed in Tables E1 and E2 . Even with a larger powered study, any potential differences in total allogeneic donor exposures ( Figure E2 ) would be in the context of improved mortality in the cohort receiving prasugrel therapy. Finally, the non-randomized nature of the decision to perform CABG and the timing of study drug withdrawal had the potential to introduce selection bias that could have confounded the comparison between prasugrel and clopidogrel.
Conclusions
For the TRITON-TIMI 38 patients who underwent CABG, RBC transfusion, THCs, and TDE were not significantly different statistically between the cohorts treated with prasugrel or clopidogrel. Only the incidence and number of platelet transfusions were significantly greater statistically in the prasugrel cohort than in the clopidogrel cohort, consistent with the increases in 12-hour postoperative chest tube drainage in the prasugrel cohort. Although the postoperative chest tube blood loss and platelet transfusions were significantly increased in the prasugrel cohort, the use of prasugrel was not associated with increased RBC transfusions, THC transfusions, or TDE.
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Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel Thrombolysis in Myocardial Infarction 38 Transfusion risk score (TRS) association with total red blood cell (RBC) transfusion (including whole blood and packed RBCs.) and total hemostatic components (including platelets, cryoprecipitate, and plasma). No significant differences were observed between cohorts.
Figure 2.
Predicted probability of mortality as function of total donor exposure and function of total hemostatic components. In analyses adjusted for predicted risk of mortality ( 
